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By introducing a nonlinearly transforming goldstino eld non-supersym-
metric matter can be coupled to supergravity. This implies the possibility of
coupling a standard model with one Higgs to supergravity.
1 Introduction
The original aim to study nonlinear realizations of symmetries was to investigate the
physical consequences of a symmetry if it is spontaneously broken. In that case the
symmetry is hidden in the eective low-energy theory. If the symmetry is global, its
eects can always be described in terms of an inhomogenously transforming eld,
the Goldstone-eld, and a characteristic structure of its couplings [1]. Eective low-
energy theories of spontaneously broken local symmetries also allow for a description
in terms of Goldstone-elds, but now it is an unphysical degree of freedom, so that
its couplings are unobservable [2]. In that case the symmetry manifests itself mainly
via gauge boson couplings, leading for example to eective four fermion interactions
at low energies.
The aim of this letter is to show that a similiar situation is to be found for
(d=4,N=1) supergravity theories. A construction is presented that allows to cou-
ple non-supersymmetric matter to supergravity by using a nonlinearly transforming
goldstino eld. The goldstino eld is unphysical, so that the physical consequences
of supergravity come from the couplings of the matter-fermions to the gravitino and
the corresponding eective four fermion interactions at low energies.
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As an interesting consequence local supersymmetry allows a standard model with
only one Higgs boson coupled to supergravity.
The conventions are those of [3], while the approach to supergravity is that of [4].
2 Nonlinear transformation laws
Let me rst collect the results to be derived in this section:
 There exists a consistent nonlinear transformation law for a so-called Goldstino



































symbolically denotes the elds of the supergravity multiplet.
 Given a Lorentz- and gauge tensoreld V
Ai









































This transformation law realizes the algebra with the help of the Goldstino
eld and will be called a standard matter transformation law.
These two results were rst derived in [5] and [6] by educated guess. The basic
idea for a systematic construction is also due to J. Wess, and was developed
in [7]. I will use a similiar but simpler version.
 In a supersymmetry multiplet it is possible to replace some components by
composite elds build out of the remaining components and the Goldstino.
Even if something similiar was done in [6], the approach used below seems to
be new.
For the rst step of this construction one denes the components of a multiplet by



















It is important to note, that the spinor derivatives used here are assumed to be






























































































































































These functions  will be the building-blocks that appear in the nonlinear transfor-
mation laws. The proof of this statement procedes in three steps.

































In lowest order in  this is trivial: Denoting the k-th order of the expansion
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(14)
Now assume 11 to be shown to n 1th order. On the right-hand side of above






with l  n   1. Inserting the
lth order of (11) leads to an expression, which is of the desired form (11).
Thus, for (11) to be valid to all orders in , the functions f have to satisfy the
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In the last line the index I can take the values b; ab; I.























































































































 To express the covariant derivatives D
a























































This leads to the occurrence of spinor derivatives on the right hand side again,

















































































































































































































































































































































































































the functions g being those dened in (18).
To check the algebra one should note that by expressing the algebra of innites-




in terms of the funktions , one nds



































































































































































































































































The check of the algebra for the standard matter transformation law is similiar.
Because the description of the transformation law in terms of the functions  holds
5

























Therefore the transformation law is consistent with  being a Majorana spinor.
It is perhaps intersting to note that the transformation law for , although looking
somewhat dierent to that of [5], is not genuinely new: It is possible to construct
a function of a goldstino transforming as above and the elds of the supergravity
multiplet that has the transformation law given in [5]: see [8].
Finally I have to explain, how to dene multiplets with components being functions
of  and a subset of independent component elds. The key step is to dene standard






























































































































































































































































V is proportional to
~













= 0 for some appropriate k. One can convince oneself that
these constraints can be solved to express the corresponding component elds as
functions of the goldstino and the remaining component elds: To this aim write








































by the right hand side
of (27). Start with the lowest component V
(0)
Ai






on the right hand side must not increase every step of the iteration,
because there occur spatial derivatives of V
(0)
Ai
, leading in the next iteration steps
6
to derivatives of . But at least every second iteration step increases the order of
, because every spatial derivative only occurs multiplied with at least two factors





] = : : :D
a
: : :). Therefore the iteration stops after
nitely many steps. Solving for the next highest component of V
Ai
, one can now
use the expression of V
(0)
Ai









. Obviously there is no problem to use this procedure also in the case of
constrained multiplets, such as chiral ones.
3 Supersymmetrisation of non supersymmetric la-
grangians






Let it depend on scalar elds h
i
and spinor elds q
Fx
, being tensors with respect
















































































































































denotes the matrix of coupling
constants. Further, let the potential have the following properties: (< O > denotes
the vacuum expectation value of the operator in brackets)
<V (h
i












The rst step in the supercovariantization consists in the introduction of appro-
priate superelds corresponding to the eld variables of the above lagrangian. In
the case of the spinor and scalar elds one just takes the corresponding standard
matter elds
~
h and ~q (D
~
~
h = O() and D
~
~q = O()). Regarding the vector elds





are no independent elds but functions of ;E
A
M








































































































































































V is a gauge invariant and supercovariant eld.
































where E(: : :) is the density formula of ref. [4]. 






































































































calculated from (26) using the solutions of the Bianchi-identities for minimal con-
straints given in [3] and the replacement ! k ([1=k] = 2).  is thus of dimension
3/2. The parameter f will be xed below by requiring the vanishing of the cosmo-
logical constant. The component expansion of the rst two terms (with M and
f), is to be found in [3] or [4], that of the  terms has to be calculated using the
spinor derivatives of  given by the constraints. Regarding the
~
L terms observe
that a spinor derivative acting on one factor of  gives a constant up to terms of
higher order in . Therefore terms without factors of  only emerge if all four spinor
8























































































































































































). The spin connection























































. Because of W
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Local supersymmetry is spontaneously broken: In a Lorentz invariant ground state
one must have < 

>= 0, so it cannot be invariant if  transforms inhomogenously.
Besides the particles described by L
matter
the particle spectrum contains a graviton,
9
a gravitino and a goldstino, the latter two being massive by the supersymmetric
Higgs eect. Because of the gauge freedom, not all degrees of freedom are physical.
On the classical level it is clear, that one can x a gauge by demanding  to vanish.
The conclusion that  is unphysical can also be reached by BRS quantization of the
linearized theory ([8]).
4 Remarks and open questions
The point of the present paper is that local supersymmetry does not constrain the
matter spectrum of the theory if one allows it to be nonlinearly realized. The phys-
ical consequences of supergravity come from the couplings of the physical gravitino
components to the fermionic matter elds which are due to the fermionic contribu-
tions to the spin connection.
As an amusing aside note that it is also possible to replace the gravitino by a
composite eld out of the goldstino and the remaining supergravity multiplet: The





















) it is easy to convince oneself that it can
be solved to give a composite gravitino. In that case, by xing a gauge  = 0, the
whole theory reduces to a usual theory with matter coupled to gravitation.
Any spontaneously broken supergravity model with linearly realized supersymme-
try can be rewritten in terms of goldstino and standard matter elds if a eld aquires
a vacuum expectation value (see [6]). It would be interesting to know whether any la-
grangian constructed in terms of goldstino and standard matter elds can be viewed
as an eective lagrangian of some model with linearly realized, but spontaneously
broken local supersymmetry, when the contributions of heavy elds can be neglected.
Methods to construct extensions with linearly realized symmetries out of nonlinear
ones would be very interesting to explore which high-energy physics is compatible
with known low-energy phenomenology.
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